It has been suggested (Lindzen, 1967 (Lindzen, , 1968a Lindzen and Blake, 1971; Hodges, 1969 ) that turbulence in the upper mesosphere arises from the unstable breakdown of tides and gravity waves. Crudely speaking, it was expected that sufficient turbulence would be generated to prevent the growth of wave amplitude with height (roughly as (basic pressure)-•/2). This work has been extended to allow for the generation of turbulence by smaller amplitude waves, the effects of mean winds on the waves, and the effects of the waves on the mean momentum budget. The effects of mean winds, while of relatively small importance for tides, are crucial for internal gravity waves originating in the troposphere. Winds in the troposphere and stratosphere sharply limit the phase speeds of waves capable of reaching the upper mesosphere. In addition, the existence of critical levels in the mesosphere significantly limits the ability of gravity waves to generate turbulence, while the breakdown of gravity waves contributes to the development of critical levels. The results of the present study suggest that at middle latitudes in winter, eddy coefficients may peak at relatively low altitudes (50 kin) and at higher altitudes in summer and during sudden warmings (70-80 kin), and decrease with height rather sharply above these levels. Rocket observations are used to estimate momentum deposition by gravity waves. Accelerations of about 100 m/s/ day are suggested. Such accelerations are entirely capable of producing the warm winter and cold summer mesopauses.
INTRODUCTION
The possibility of breaking waves generating turbulence in the mesosphere was noted some years ago by Lindzen [1967; 1968a] and Hodges [1969] for tides and gravity waves, respectively. The idea, in these papers, was simply that vertically propagating gr.avity waves that, in the absence of damping, grow in amplitude as po -•/• (where Po is the basic unperturbed pressure) could at some height reach amplitudes for which the wave fields themselves would be strongly unstable (i.e., the combination of mean and wave fields would have a negative static stability or at least its Richardson number would drop below 0.25). Above such a height it was suggested that the waves would generate sufficient turbulence, on the average, to prevent further wave growth with height. Theoretical results implied that among tidal modes, only the first propagating diurnal mode would prove important in this respect. Lindzen and Blake [1971] estimated that this mode would break down between 80 and 90 kin, generating turbulence up to a height of about 108 km above which molecular viscosity and conductivity are sufficient to inhibit further wave growth. The turbulence generated by this tidal mode is restricted to within about 30 ø latitude of the equator as is the mode itself. The cessation of turbulence at 108 km corresponds closely to the height usually designated for the turbopause and in a loose fashion supports the notion of tidal generation for turbulence.
The situation with respect to internal gravity waves is less certain. Structures with moderately short vertical wavelengths (0(12 kin)) are commonly observed in rocket soundings, poleward of 30 ø (thus excluding diurnal tides, at least in some measure), especially in winter. Examples of such soundings are shown in Figure 1 . On the basis of dispersion relations given by Hines [1960] , one commonly--but arbitrarilymidentitled the gravity waves as oscillations of relatively short period (0(3 hours)). Observations suggested that such gravity waves also broke down, and Hodges [1969] estimated the resulting generation of turbulence along similar lines to those This paper is not subject to U.S. copyright. Published in 1981 by the American Geophysical Union. discussed in connection with the diurnal tide. Again, the turbulence was assumed to persist up to some turbopause height. These studies tended to ignore the fact that the relevant frequencies were the Doppler shifted frequencies and that intrinsic frequencies might be very different.
Lindzen [1971] presented a crude model of turbulence in the mesosphere that summarized the above mechanisms and, in addition, argued that 'turbulent' diffusion could result from nonbreaking waves (NB tidal modes are simply special cases of internal gravity waves [viz. Lindzen, 1970] . The specific argument was based on wave •transiency, but other arguments have been advanced by Weinstock [1976] . This matter is discussed further in a separate note by R. S. Lindzen and J. Forbes (manuscript in preparation, 1981) wherein we consider the cascade of energy from stable waves to waves of sufficiently small vertical wavelengths to permit unstable breakdown. Returning to Lindzen [1971] Recently, Holton and Wehrbein [1980] have concentrated on the momentum deposition by breaking waves, modeling this by Rayleigh friction (acting to bring zonal flow to zero). To be sure, wave breaking does lead to deposition of wave momentum flux, quite apart from the generation of diffusive turbulence; the two effects are, however, distinct as will be shown in section 2 of this paper. Moreover, in the case of breaking tides, the deposited momentum is not attempting to bring the mean flow to zero [Fels and Lindzen, 1974] . Nevertheless, as was noted by Leovy [1964] and Lindzen [1968b Lindzen [ , 1973 pause, then one really does need a mechanism that acts to reduce zonal velocities rather than gradients. The purpose of the present paper is to reassess carefully, but simply, the role of wavebreaking in the mesosphere, emphasizing the role of the mean flow in determining the behavior of gravity waves. Assuming that most high latitude gravity waves originate in the troposphere, it is shown in section 3 that changes in the mean zonal flow accompanying changing seasons, sudden warmings, etc., dramatically alter the nature of gravity waves in the mesosphere. Such changes lead to simple explanations of various mesospheric observations.
GRAVITY WAVES IN THE MESOSPHERE--SIMPLE WKB

ANALYSIS
In this section, gravity waves typical of middle to high latitudes will be emphasized, though theoretical results are easily extended to tidal gravity waves. It will be assumed that the reader is familiar with the mathematical theory of internal gravity waves. Only selected results will be presented here. We will begin by presenting some data relevant to our subsequent discussion. Figure 1 shows various temperature profiles over Wallops Island (38øN) taken in winter and summer by using rocket grenades [Theon et al., 1967] . We will choose to interpret the pronounced waviness in these profiles as being due to internal gravity waves. 
Equation (6) 
• 2H N(1 + F/k•)•/2],v•t•_ (24)
The acceleration will be roughly constant between Zbrea k and zcrit or some other height beyond which wave action ceases. While the sign of the acceleration will always be such as to bring t• toward c, it is clear that the process is not properly described by Rayleigh friction. It is also clear that the mean flow acceleration does not result from approximating the effect of Deaay on the mean flow. The two effects are related but separate manifestations of wavebreaking. Note that the distribution of wave acceleration cannot be fixed in space but must be determined on the basis of the particular positions of Zbreak and zc•it at any given time.
QUANTITATIVE CONSIDERATIONS
To evaluate the formulae in section 2, information is needed concerning the phase speeds and wave numbers of the relevant waves. Such quantities are, indeed, well known for tidal modes [Chapman and Lindzen, 1970] . This section, therefore, will concentrate primarily on estimating these quantities for gravity waves. The last two are associated with tropospheric flow speeds, while the first is associated with zero phase speed. However, owing to the unsteadiness of the troposphere, one expects phase speeds actually to be spread somewhat about the above speeds. An explicit study of the gravity wave spectra generated goes well beyond the scope of the present study.
We will simply assume a tropospheric origin for mesospheric gravity waves, and, in light of the above remarks, we will assume the phase speeds to be limited roughly to the range of tropospheric wind speeds (i.e., from some neighborhood of zero to some neighborhood of the tropospheric flow speeds shown in Figure 2) .
As concerns the mesosphere, we have an additional (and crucial) constraint. Namely, gravity waves cannot readily pass through critical surfaces (where the flow speed and phase speed are equal). Assuming the zonal flows shown in Figure 3 to be appropriate, at least for discussion purposes (and recognizing that this is not likely to be accurately true at any given time), we see that in winter only phase speeds less than 10 m/s can be transmitted, The situation for gravity waves at middle and high latitudes is more ambiguous. What follows are to some extent 'guesstimates.' We will attempt to find a reasonable value of (l/k) 2 by matching the 'observed' vertical wave lengths with those predicted by (4). (40 ø is the approximate latitude for Figures 1 and 3) . Finally, both surface topography and meteorological disturbances (both of which we have assumed are the basic sources of mesospheric gravity waves) tend to have red noise spectra. We will, therefore, take the lower bound for k given by (27) 
